Abstract. malignant pleural mesothelioma (mpm) is a highly aggressive neoplasm primarily arising from surface serosal cells of the pleura and is strongly associated with asbestos exposure. patients with mpm often develop pleural fluid as initial presentation. However, cytological diagnosis using pleural fluid is usually difficult and has limited utility. A useful molecular marker for differential diagnosis particularly with lung cancer (lc) is urgently needed. the aim of the present study was to investigate the diagnostic value of soluble mesothelin-related protein (SMRP) in pleural fluid. Pleural fluids were collected from 23 patients with MPM, 38 with LC, 26 with benign asbestos pleurisy (Bap), 5 with tuberculosis pleurisy (tp) and 4 with chronic heart failure (chF), and the Smrp concentration was determined. all data were analyzed by using non-parametric two-sided statistical tests. the median concentration of Smrp in mpm, lc, Bap, tp and CHF were 11.5 (range 0.90-82.80), 5.20 (0.05-36.40), 6.65 (1.45-11.25), 3.20 (1.65-6.50) and 2.03 (1.35-2.80) nmol/l, respectively. The SMRP concentration was significantly higher in mpm than in the other diseases (p=0.001). the area under the rOc curve (auc) values of the mpm diagnosis was 0.75 for the differential diagnosis from the other groups. Based on the cut-off value of 8 nmol/l, the sensitivity and specificity for diagnosis of MPM were 70.0 and 68.4%, respectively. These results indicate that the SMRP concentration in pleural fluid is a useful marker for the diagnosis of mpm.
Introduction malignant pleural mesothelioma (mpm) is a highly aggressive tumor with a poor survival rate that arises from the surface cells of the pleura. it is a rare tumor; however, mpm has become a very serious public health concern in Japan. a newspaper article, published in June 2005, reported that five residents who had lived near a now-closed asbestos cement pipe plant in amagasaki, Japan, developed pleural mesothelioma (1) . the industrial use of asbestos has been banned in Japan since 2006, but the incidence of mpm is expected to continue increasing for the next few decades due to the past usage of asbestos (2) . mpm has therapeutic and diagnostic challenges. Surgical resection, often combined with radiotherapy or adjuvant chemotherapy, is indicated for the treatment of mpm in the earlier stage. there is a small population of patients who achieve prolonged disease-free survival. Yet the majority of cases are already progressive at the time of diagnosis, and these patients exhibit an extremely poor prognosis (3) . Systemic chemotherapy or radiotherapy to date has not had an impact on patient survival for advanced cases. thus, it is quite important to diagnosis mpm at an early stage. most mpm cases demonstrate pleural effusion at the time of diagnosis, but cytological diagnosis with pleural effusion is usually difficult and has limited utility. To obtain a definite diagnosis, a thoracoscopic or percutaneous biopsy should be performed to obtain adequate specimens for pathological and immunohistochemical analyses. Yet, even with these procedures, it is sometimes difficult to differentiate MPM from other pleural diseases including benign asbestos pleurisy (Bap), tuberculosis pleurisy (tp), or pleural metastasis of lung cancer (lc). Several investigators have sought to improve the differential diagnosis of pleural effusion by measuring tumor markers. Shi et al reported the usefulness of measuring the pleural carcinoembryonic antigen for the diagnosis of malignant pleural effusion (4) . Similar findings were reported regarding cytokeratin 19 fragment 21-1 and carbohydrate antigen (ca) 125, ca15-3 and ca19-9 (5). aoe et al previously reported that the concentration of receptor-binding cancer antigen expressed on Siso cells (rcaS1) was higher in malignant pleural effusion than in non-malignant effusion (6) , but the usefulness of these markers has not yet been fully established in clinical practice. a useful molecular marker for the differential diagnosis of these diseases is therefore urgently needed.
mesothelin is a 40-kda cell surface glycosylated phosphatidylinositol (Gpi)-anchored glycoprotein which has putative functions in cell-to-cell adhesion (7). mesothelin is expressed on normal mesothelial cells (8) ; however, it is highly overexpressed in cancers such as mpm (9, 10) , pulmonary carcinomas (11-14) and other neoplasms (15, 16) . Soluble mesothelin-related protein (Smrp) is recognized as a cleaved fragment of membrane-bound mesothelin (17) . robinson and colleagues reported that serum Smrp levels were elevated in mpm when compared with healthy asbestosexposed and non-exposed subjects, and with other pulmonary diseases including LC (18) . Similar results were reported by cristaudo et al (19) and Schneider et al (20) who demonstrated that SMRP blood concentrations were significantly higher in MPM than in LC cases. These findings suggest the usefulness of serum Smrp as a diagnostic or screening marker of mpm.
The SMRP value in pleural fluid was evaluated by Scherpereel et al (21) and pass et al (22) . Both research groups reported that the pleural Smrp value was higher than that in serum, and the level was higher in mpm than in other pulmonary diseases. therefore, the aim of the present study was to investigate the SMRP level in pleural fluid in Japanese patients with mpm. For this purpose, Smrp concentrations in pleural fluid from Japanese patients with MPM were examined and compared with those of patients with Bap, tp or lc. correlations between Smrp and asbestos exposure were also examined.
Materials and methods
Materials. Pleural fluid was collected from patients with mpm. For these cases, pathological diagnosis of mpm was confirmed based on standard H&E staining and positive immunohistochemical reactivity to mesothelial markers such as calretinin, Wilms' tumor 1, or thrombomodulin, and negative reactivity to carcinoembryonic antigen. the clinical stage of mpm was determined according to the international mesothelioma interest Group (imiG) criteria (23) and was based on staging procedures including computed tomographic (ct) scans of the chest and abdomen, magnetic resonance images of the brain and technetium-99m hydroxymethylene diphosphonate bone scans. Survival data of the patients with mpm were determined from the day of diagnosis to the day of death or last follow-up. Pleural fluid was also collected from patients with lc, Bap, tp and with chronic heart failure (chF) as controls. lc was diagnosed in cases where lung cancer cells were detected in the pleural effuion. histological subtypes of lc were based on the World health Organization (WHO) classification (24). The clinical stage of the disease was assessed using the international Staging System (25) . tp was diagnosed in cases in which Mycobacterium tuberculosis was detected in the pleural fluid. TP was also diagnosed in cases with higher concentrations of adenosine deaminase 
mpm, malignant pleural mesothelioma; pmlc, pleural metastasis of lung cancer, Bap, benign asbestos pleurisy; tp, tuberculosis pleurisy; chF, chronic heart failure.
(>50 IU/l) and when lymphocyte dominancy was shown in the fluid. CHF was diagnosed in cases which demonstrated transudate fluid with known cardiac diseases. The diagnosis of BAP was determined by exclusion of other specific causes in patients with past asbestos exposure, in which malignant diseases were ruled out with thoracoscopy. informed consent was provided by all patients, and the study was conducted with approval of the appropriate institutional review boards.
SMRP measurement. Smrp was measured using the chemiluminescent enzyme immunoassay (cleia) (Fujirebio diagnostics, malvern, pa, uSa) based on the 2-step sandwich method. in brief, 20 µl of sample was mixed with 180 µl of sample diluents, then 20 µl of the diluted sample was incubated with 250 µl of anti-Smrp antibody-coated ferrite particles at 37˚C for 10 min. After washing, 250 µl of anti-Smrp antibodies coupled with alkaline phosphate was added and incubated at 37˚C for 10 min. After a washing step, 200 µl of substrate [3-(2'-spiroadamantane)-4-methoxy-4-(3''-phosphoryloxy) phenyl-1,2-dioxetane disodium salt; amppd] solution was added, followed by incubation at 37˚C for 5 min. luminescence at a wavelength of 477 nm was measured, and the Smrp concentration of each sample was calculated with the standard curve method.
Asbestos body burden. Quantification of asbestos bodies was performed using the protocol modified by Kohyama and Suzuki (26) . In brief, portions of paraffin-embedded normal lung tissue (1-2 g) obtained from surgery or autopsy were deparaffinized with xylene, then microcut. These were digested with solution containing 5-20% sodium hypochlorite and KOH for 6 h at 60˚C. Following digestion, samples were pelleted and resuspended in distilled water. Samples were then mixed well and filtered through a cellulose ester membranous filter which was dehydrated and cut in half. Pieces of the filter were mounted on microscope slides and dried with acetone vapor. asbestos bodies were then counted, and the asbestos bodies per (wet weight) gram of lung were calculated.
Statistical analyses. comparisons between groups were performed using the kruskal-Wallis test and non-parametric analysis using the mann-Whitney u test. areas under receiver operating curves (rOc) were calculated using standard techniques. Survival data were determined from the day of diagnosis to the day of death or last follow-up and analyzed based on the kaplan-meyer method. correlations between pleural Smrp values and asbestos body or patient survival were calculated based on Pearson's correlation coefficient (pci). Statistical calculations were performed with SpSS Statistical package version 11.0 (SpSS inc., chicago, il, uSa). SMRP and asbestos exposure. Occupational asbestos exposure was revealed in 21 patients with mpm. We examined the duration of asbestos exposure and the Smrp value in the pleural fluid, but no correlation was shown (PCI, -0.069). Quantification of asbestos bodies was performed in 17 cases of MPM. The median number of bodies was 2,180 (239-526,000) per gram of dried lung. We examined the correlation between the SMRP value in pleural fluid and the number of asbestos bodies, but no correlation was found (pci, -0.156). Survival data was available in 22 cases. no correlation was found between the Smrp value and survival (pci, -0.179). We compared the survival of two groups, those with a lower concentration of SMRP (≤8.0 nmol/l) and those with a higher concentration, but no statistical difference was demonstrated (data not shown).
Results

Patient characteristics. Between January 2004 and July
SMRP value for differential diagnosis. the median concentration of Smrp in mpm, lc, Bap, tp and chF were 11.5 (range 0.9-82. was 0.75 [95% confidence interval (CI), 0.615-0.884] for the differential diagnosis from the other groups. Based on the cut-off value of 8 nmol/l, the sensitivity and specificity for diagnosis of MPM were 70.0 and 68.4%, respectively. The SMRP concentration in MPM was significantly higher than that in lc (p=0.004, mann-Whitney u test). the auc for the differential diagnosis of MPM and LC was 0.724 (95% CI, 0.583-0.866). Based on the cut-off value of 8 nmol/l, the sensitivity and specificity for diagnosis of MPM were 69.6 and 68.4%, respectively. The SMRP concentration in MPM was significantly higher than in BAP (P=0.004, Mann-Whitney U test). the auc value for the differential diagnosis of mpm and BAP was 0.74 (95% CI, 0.586-0.894). Based on the cut-off value of 8 nmol/l, the sensitivity and specificity for diagnosis of MPM were 69.6 and 69.2%, respectively.
Discussion
In this study, we first examined the SMRP value in pleural fluid from patients with MPM. SMRP was higher in the epithelioid subtype than in the sarcomatoid, and higher in advanced stages (iii and iV) than in early stages (i and ii), though the differences were not statistically significant. These findings collaborate a previous study by Scherpereel et al (21). they examined the Smrp values, both in serum and pleural fluid, and reported that SMRP both in serum and pleural fluid was higher in the epithelioid subtype and in advanced diseases of mpm. the differences in our study were not statistically significant, probably due to the small number of samples, but our results reflect a similar trend in MPM in Japan. In addition, we examined the correlation between pleural Smrp and overall survival of patients with mpm, but no correlation was found. the role of serum Smrp as a prognostic marker was examined by cristaudo et al. in their study, a high Smrp level in serum was an independent negative prognostic factor in patients with MPM (19) . The present study is the first report to examine the role of pleural Smrp as a prognostic factor, but these results should be interpreted carefully because of the small number of cases. Further studies are warranted to clarify the role of pleural Smrp as a prognosis predictive marker. We next examined the usefulness of pleural Smrp as a diagnostic marker of mpm. We compared the Smrp value in the pleural fluid of MPM to that of LC, BAP, TP and CHF. The SMRP value in MPM was significantly higher than in the other diseases. Similar findings were also reported by Scherpereel et al (21). they reported that the serum or pleural fluid SMRP level was significantly higher in patients with mpm than in subjects with benign pleural lesions related to asbestos exposure (Bplae) or in lc. in their report, Bplae was defined based on the definition by the American Thoracic Society (27) , which corresponds with Bpe in our study. in our study, subjects with tp and chF were also included as controls. tp is the single most frequent cause of death by an infectious agent and is also a major cause of pleural effusion (28) . Several molecular markers in pleural effusion have been examined as diagnostic markers of tp (29) , but the differential diagnosis is still often problematic in clinical practice. Our results revealed, for the first time, the usefulness of pleural Smrp to distinguish mpm and tp.
We also analyzed the correlations between the Smrp concentration and asbestos exposure. We determined the number of asbestos bodies in the lungs of patients with mpm. the duration of occupational asbestos exposure was determined through patient interview. as a result, no correlation was revealed between Smrp values and the duration of asbestos exposure or asbestos bodies in the lung. These findings indicate that elevation of SMRP in the pleural effusion of MPM is not influenced by asbestos, but is one of the cancer-specific events. The mechanisms of accumulation of SMRP in pleural fluid have not as yet been established. Smrp is reported as a proteolytically cleaved fragment of membrane-bound mesothelin (17) . the release of Smrp could also be due to a frameshift mutation of the protein (21). Further studies are warranted to examine the mechanisms involved in the elevation of Smrp in mpm.
in conclusion, we examined the Smrp concentration in pleural fluid from patients with MPM, LC, BAP, TP and CHF and demonstrated that the SMRP value in MPM was significantly higher than that in the other diseases. these results indicate the usefulness of pleural Smrp as a diagnostic marker of mpm.
